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(57) A gradient index multifocal lens suitable for 
compensation for presbyopia, which has a gradient 
index plane inside, rather than outside as conventional. 
Since the lens can have the outer surface with a con- 
stant base curve, the variations in magnification caused 
by the shape factor can be prevented and the difference 
in magnification between near vision and far vision can 
be reduced. In addition, the variations in magnification 
in the gradient index plane can be suppressed. There- 

Fig. 1 



fore, this lens can reduce the shaking and distortion of 
images caused by the difference in magnification and 
can give a comfortable field of view. In addition, even 
when a lens for correcting astigmatism is made by using 
this multifocal lens, the lens can reduce the shaking and 
distortion of images, because the gradient index surface 
can be combined with a toric surface for correcting 
astigmatism on the eye-side surface. 
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Description 

Field of the Technology 

The present invention relates to a progressive s 
multifocal lens for correction of vision, and a manufac- 
turing method of a progressive multifocal and an eye- 
glass lens using it. 

Background Technology 10 

A progressive multifocal lens is a lens comprising 
two field sections having different refractive power, and 
a field section wherein the refractive power changes 
progressively between these. It is superior in external is 
appearance, as there are no boundaries in these field 
sections. Furthermore, lields having different refractive 
powers in a single lens can be obtained. Therefore, it is 
used widely as an eyeglass lens having vision correct- - — 
ing functions for aging vision (presbyopia) and tlje like. 20 

Fig. 25 shows the general structure of a conven- 
tional progressive multifocal lens used widely as an eye- 
glass lens. This progressive multifocal lens 1 is provided 
on the upper side with a distance-vision region 1 1 being 
a field section for seeing objects at a far distance. A field 25 
section for seeing objects at a near distance having a 
different refractive power from the distance-vision 
region 1 1 is provided on the lower side as a near-vision 
region 12. The distance-vision region 11 and near- 
vision region 12 are joined smoothly by a progressive 30 
region 1 3 being a field section having a refractive power 
that changes continuously for seeing objects at an inter-.. 
mediate distance between the far distance and the near 
distance. 

In a single lens 1 used for an eyeglass, all the capa- 35 
bilities required for an eyeglass, for example, a vertex 
power matching the user's prescription, a cylinder 
power for correcting astigmatism, an addition power for 
correcting aging vision, and furthermore a prism power 
for correcting skew, must be provided by the two sur- 40 
faces being a refractive surface 2 on the side of the eye 
and a refractive surface 3 on the side of the observed 
object. Therefore, in a conventional progressive multifo- 
cal lens 1 , as shown in Fig. 25, a progressive refractive 
surface 5 providing a refractive power that changes con- 45 
tinuously in order to compose the distance-vision region 
11, near-vision region 12, and progressive region 13, is 
formed on the refractive surface 3 on the side of the 
object. The refractive surface 2 is used as a refractive 
surface, or the like, for correcting astigmatism as so 
described above. 

Fig. 26 shows the astigmatism obtained with the 
conventional progressive multifocal lens 1 , and Fig. 27 
shows the summary distribution of the 2 coordinates of 
the progressive refractive surface 5 formed on the ss 
refractive surface 3 of the conventional progressive 
multifocal lens on the side of the object. On the refrac- 
tive surface 3, the plane surface is represented as the 
xy coordinates, and the direction showing the thickness 



of the lens perpendicular to this xy plane is represented 
as the 2 coordinates. There is no particular fieed to 
define the direction of the x and y coordinates, however, 
in the following explanation the up-and-down -direction 
when the lens 1 is worn as an eyeglass lens is the y 
coordinate, and the left-right direction is the x coordi- 
nate. 

Because the progressive refractive face 5 is non- 
spherical so as to change continuously the refractive 
power, the curvature changes according to each region 
of the surface. Consequently, as understood from Fig. 
26, even in a progressive multifocal lens 1 not for correc- 
tion of astigmatism having the surface 2 on the side of 
the eye as a spherical surface, if a progressive refractive 
surface 5 is introduced on the surface 3 on the side of 
the object, an astigmatic aberration is generated on the 
surface by the difference in curvature in the x direction 
and the y direction. This;astigmatic aberration is repre- 
sented in diopter (D) "\inits, and the drawing of astig- 
matic aberration shown in Fig. 26 is a drawing having 
the regions of specific diopters connected by contour 
lines. 

A user of an eyeglass not having astigmatism can 
obtain clear vision without perceiving so much the fad- 
ing of an image if the astigmatic aberration appearing in 
the lens is 1 .0 diopters or less, preferably 0.5 diopters or 
less. Therefore, a clear vision region 21 having an astig- 
matic aberration of 1 .0 diopters or less, or preferably 0.5 
diopters or less, is placed extending from the distance- 
vision region to the near-vision region following the main 
line of sight (umbilical mendiafn) 14 somewhat bent on 
the side of the nose, crowding the vision. On this main 
line of sight 14, in particular, an astigmatic aberration is 
not generated by substantially eliminating the difference 
in curvature in the x direction and in the y direction. Con- 
sequently, the astigmatic aberration appears greater 
because the lens 1 becomes non-spherical in the direc- 
tion of the perimeter from the main line of sight 14. 

Furthermore, if such an astigmatic aberration 
changes greatly, it becomes a cause of discomfort as 
the image jumps following the line of sight when the 
user moves the line of sight. Therefore, in the distance- 
vision region 1 1 having great movement of the line of 
sight, it is set such that the astigmatic aberration does 
not change so much. The design of a progressive 
refractive, surface 5 is made such that the astigmatic 
aberration does not change greatly in the other regions 
as well. An eyeglass lens 9 is formed by "globe process- 
ing", i.e. processing the outer shape of the lens 1 into a 
shape matching the eyeglass frame, and is provided to 
the user. 

The lens 1 shown in Fig. 26 and Fig. 27 is a lens 
wherein the base curve Pb, showing the fundamental 
refractive power of the surface 3 on the side of the 
object having the progressive refractive surface 5 
applied, is 4.00D, the addition Pa is 2.00D, the surface 
refractive power D2 of the surface 2 on the side of the 
eye is 6.00D, the center thickness t of the lens is 3.0mm, 
and the diameter d of the lens is 70.0mm. 
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Fig. 28 shows £ conventional progressive multifocal 
lens 1 for astigmatism wherein a toric surface 6 having 
a cylinder power C for correcting astigmatism is formed 
on the surface 2 on the side of the eye. Fig. 29 shows a 
drawing of the astigmatic aberration of this lens. Fig. 30 
shows the z coordinates of the toric surface 6. The lens 
showing astigmatic aberration in Fig. 29 has a cylinder 
power C of -2.00D. The other conditions are identical to 
the lens showing astigmatic aberration in Fig. 26. This 
progressive multifocal lens 1 for astigmatism has an 
astigmatic aberration of 2.00D introduced substantially 
uniformly in order to correct the astigmatism following 
the main line of sight 14. An eyeglass lens 9 can be 
formed by globe processing according to the eyeglass 
frame identically to that mentioned above. 

Thus, an eyeglass lens is sold on the market that 
corrects astigmatism, wherein the refractive power 
changes continuously from the distance-vision region to 
the near-vision region using a progressive refractive 
\ surface, and it is used widely as a means to correct' 
' vision. If the progressive multifocal lens has a high pre- 
scription to become a measure for correction of vision, 
and if the addition, being the difference in refractive 
power between the distance-vision region and the near- 
vision region, is great, the astigmatic aberration appear- 
ing in the lens also becomes great because the progres- 
sive refractive surface is made further non-spherical. 

Therefore, it is possible to provide the user with a 
comfortable visual field by improving the shape of the 
progressive refractive surface, and removing the astig- 
matic aberration from the commonly used regions of the 
lens, preventing a dramatic change in astigmatic aber- 
ration. Jumping and warping of images can be improved n 
by suppressing the variation of astigmatic aberration. 
However, in a progressive multifocal lens, jumping and 
warping of images are also caused by differences in 
refractive power between the distance-vision region and 
the near-vision region. That is, the distance-vision 
region 1 1 has a refractive power whereby the focus is at 
) a distance, while the near-vision region 1 2 has a refrac- 
tive power differentt&from that of the distance-vision 
region 11 whereby the focus is near. Consequently, in 
the progressive region 13, because the magnification 
gradually varies, this is one main reason why the 
acquired images jump and are distorted. 

In the design of a progressive refractive surface, all 
kinds of proposals already have been tried. Also, 
designs using the computational powers of computers 
have been tried as well. The suppression of jumping 
and warping of images by improving the astigmatic 
aberration of the progressive refractive surface is con- 
sidered to have nearly reached its limit. Thus, in the 
present invention, the aim is to provide a progressive 
multifocal lens capable of improving the jumping and 
warping of images caused by variation of the magnifica- 
tion between the distance-vision region and the near- 
vision region of the progressive multifocal lens. 

The aim is to provide a progressive multifocal lens 
and eyeglass lens that can reduce more greatly the 



jumping and^warping of images while approaching the 
^'limits in the design of the progressive refractive surface, 
and that can provide a more comfortable visual field to 
the user. Also, the aim is to provide a progressive multi- 
5 focal lens and eyeglass lens that can provide clear 
vision having little jumping and warping even for users 
having a great difference in prescription (addition 
between the distance-vision region and the near-vision 
region, which easily generates jumping and warping of 
10 images. 

Disclosure of the Invention 

Therefore, the inventors of the present invention 
75 have focused on the placement of the progressive 
refractive surface contributing to magnification of a pro- 
gressive multifocal lens, and|have discovered that it is 
possible to reduce!- the- difference of magnification 
between, the distance-vision region and the near-vision 
w20'»* region by introducing the progressive refractive surface 
on the side of the eye. That is. the present invention is a 
progressive multifocal lens for correction of vision, com- 
prising a distance-vision region and a near-vision region 
having different refractive power, and a progressive 
25 region wherein the refractive power between these 
changes progressively, wherein a curvature of the pro- 
gressive surface for composing the distance-vision 
region, near-vision region, and progressive region are 
provided on the surface of the progressive multifocal 
30 lens on the side of the eye. 

The lens magnification SM generally is represented 
by the following equation. 



SM = Mp x Ms 



(1) 



35 



Here, Mp is the power factor. Ms is called the shape 
factor. As shown in Fig. 1, the distance from the vertex 
(internal vertex) of the surface of the lens on the side of 
the eye to the eye is represented below as L, the ret rac- 
40 tive power of the internal vertex (internal vertex power) 
as Po, the center thickness of the lens as t, the ref ractiv- 
ity of the lens as n, the base curve (refractive power) of 
the surface of the lens on the side of the object as Pb. 



45 



Mp = 1 /(1 -LxPo) (2) 
Ms = 1 /(1 -(txPb)/n) V4 (3) 



In the computations of Equations (2) arid (3), diopt- 
50 ers (D) is used regarding the internal vertex power Po 
and the base curve Pb. and meters (m) is used regard- 
ing the distance L and thickness t. 

The internal vertex power Po contributes to the cor- 
rection of vision in the distance-vision region and the 
55 near-vision region, and it is understood that, for main- 
taining the internal vertex power of a required value, the 
variation of the magnification SM can be controlled by 
suppressing the variation of the base curve Pb of the 
surface on the side of the object. For example, if the 
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S t t CUrV6 ? ° f ,he COnvex suriace °" the side of the 
Son 2^ ma f r Stant ,he variation of «he magnYfica 
■wi MS due to the shape factor Ms can be eliminate? 

wh.n ?h ertheleSS ' 35 Sh0W ° by the «ne in Fig 1 

when the progressive refractive surface is provided on 5 

on ,h^H 6 °? I" 6 Side ° f the <****• the ^se curve P b 
the morfth *" ^ Cinnot be £ 

greyer as the^T °k ^ ' aCt ° r Ms becomes 
Snn L d ' t,0n b8COmes greater - imping and 
warpng of images increases. Thus, in the present io 
■nvent-oait is made possible to suppress the va a fon 
oh baSe h CUrve Pb of th e surface on the side of the 
object, as shown by the solid line in Fig. i, b y introduc 
•ng the progressive refractive surface Into the concave 
surface on the side of the eye, and to provide Vs^nT , 5 
cal progressive multifocal lens having, for examole 1 
constant base curve. example, a 

* ho 5° ns ^ uent| y- in the progressive multifocal lens of 
be^n" rf™' .*!• in unification 

region can be held to a necessary minimum. Because 
he var.at.on of the magnification in the progress 
region can be suppressed as well, even if the peSm 
ance accord-ng to the distortion of images is the same 
extent as a conventional progressive multifocal lens a 2 s 
progress.ve multifocal lens and eyeglass lens can be 

reduced, and a more comfortable visual field can be 
SSrS. to £ST- PartiCUlar,y ' in a P«e C mu^ 
Sn^nt^ucS 681 add,ti0n ' ^ a " d - 

n^/" 8 ' 2 COmpares tne magnification achieved bv a 

tSSS^TS ' enS ° f ^ present in ™tfon "av 
2l£T o Pd ° f 5 00D - an additio " °< 3.00D a 
spherical power S of 2.00D. a refractivity n of 1 662 and 35 
a distance L of 1 5.0mm as an example and the maanf 

k 9 me pr °9 ressiv « refractive surface on the 
s de of the object. As is clear from this drawing,* the 

SET? mU,t ' fOCa, ' enS ° f the presen « ™en?ion. the «, 
^foT^ 1 , th^ 9ni,iCati0n b6,Ween ,he ^tance-visl 
oTl near - V,s,on re 9 io " <=an be suppressed to 
Intino a e H COnvent,onal di «^nce of magnification. 

warp,n9 of ima9es are p — ^ * a 

Furthermore, as shown in Fig. 3. this effect 

greater. F.g. 3 shows, as an example, the difference of 
magnet 0 n between the distance-vision 

ZSZZZ re9i ° n ° f 3 pr£ * ressive ™ftifocal lens so 
perta.n.ng to the present invention having a progressive 

the side of the eye. wherein the base curve Pd for the 

S^rss T en h s is 4ood - the 

enTe of mini I 56 ? mPared Witn tnis ' ,he di ^r- ss 
reaL L^ DetW6en the Stance-vision 

reg,on and the near-v.sion region of a conventional oro 
gress,ve multifocal .ens having the progreLTreC 
t-e surface on the surface (convex surffce) ontte Se 



of the object is shown. 

multifocal len?^ '"^ drawing> * the ^ressive 
mult focal lens of the present inventfon. it is possible to 

thai ni l T"* ° f difference of "agnation as 
I hLh C °" vent,ona ' Progressive multifocal lens having 
a h.gher addition Pa from rank 1 at a low addition power 
egion to rank 2 at a high addition power region (where 

0 50D e ^T ndS t0 . a25D ' rank 2 Responds fo 
£2? tC - ) - AS 3 result ' the imping and warping of 
mages perce,ved by the user also can be suppSd 

zsxzr* as a ~— - i.KK 

In the progressive multifocal lens of the oresent 
nvent.on, because the curvature of the £ogrSe 
refractive surface is provided to the surface o SJ5 
suS/r CUrvatUre of the Progressive retrace 
thet* ( r eC,P ? Cal ° f thS radius of cur *ature) fo.JoSng 
he mam ..ne of s.ght becomes smaller in the near-S 
reg.on compared with the distance-vision region 

Also, .n the distance-vision region, the curvature of 
^e progress,ve refractive surface becomes smaXr n a 

tS inTe e9 '° n 85 " d6partS fr ° m the ™» «"« of sight 
™- 1 near - v,slon re 9ion. the curvature of the pro-' 
gress.ve refractive surface becomes greater in at leaS 
on reg,on as it departs from the main Sne of sighT 

it is possible to make a progressive multifocal i«nc 
having an addition in the rangVS 0.5 Sfo cote^nd 
to a w,de range of users, from users having almost 

^?:f° n to usere •-*« advanced ss 

a^ D ino e o? ChieVed A ^^^iS! 
and warpmg of images in a progressive multifocalTens 
of the present invention within this range 

of th™* 6 SUrface ° f the Progressive multifocal lens 
of the present invention is a rotationally symmetric sur 
face, this range of addition is express ed as folfowTusina 
average surface refractive power D1 on SliSe ol 
Snc e e y : "oo 6 V,dnity °' the line of sight of the L 

Xe7 D 2 onT" 'vf nd : he aVera9e surface ^active 
Power D2 on the side of the eye in the vicinitv m.*! 

mam line of sight of the near-visL region ' ^ 



0.5 s (D1 - D2) s 3.5 



(4) 



Furthermore, as a progressive refractive suiter* it 
I 5 d6s,rab,e to minimize the astigmatic Serrationthen 

SIS/S TK 9reSS,Ve r6fractive surfa " on the main 
hne of sight. Therefore, it is desirable that the curved 

o !l? r SS ' Ve r6,raCt,Ve Surface hav « the curva u e 

reol oT^° 90na \ diredi0nS be ^ ^ least one 
region of the main line of sight. 

In the progressive multifocal lens of the oresent 

ZT^rT proaressive refracti - -Set 

provtied on the surface on the side of the eye a oro 
gressive multifocal lens for correction oTastiarafem 
wherem the surface on the side of the eye hasSo 
matism correcting properties can be provided by St 
•ng the curvature of an astigmatism cSSSgSZ 
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surface to the surface on the side of the eye. That is, the 
surface on the side of the-eye is the progressive refrac- 
tive surface. Furthermore, a progressive multifocal lens 
having cylinder power can be provided. 

Also, by using as an eyeglass lens the progressive 5 
multifocal lens having astigmatism correcting properties 
of the present invention, the difference of magnification 
between the distance-vision region and the near-vision 
region can be held to a minimum as described above, 
and a more comfortable visual field can also be pro- io 
vided to a user having astigmatism, there being little 
warping and jumping of images in addition to being able 
to correct astigmatism. 

A progressive multifocal lens having vision correct- 
ing properties and astigmatism correcting properties is 
applied to the surface on the side of the eye can be 
manufactured by a manufacturing method comprising a 
first process that determines a progressive refractive 
surface (henceforth, original progressive refractive sur- 
face) only for the purpose that the surface on the side of 20 
the eye demonstrates the desired vision correcting 
properties, a second process that determines a toric 
surface (henceforth, original toric surface) only for the 
purpose that the surface on the side of the eye demon- 
strates the intended astigmatism correcting properties, 25 
and a third process that determines the surface of the 
progressive multifocal lens on the side of eye from the 
original progressive refractive surface and the original 
toric surface. By introducing to the surface on the side of 
the eye a progressive refractive surface wherein the 30 
original progressive refractive surface and the original 
toric surface are composed, a progressive multifocal 
lens can be realized, having both functions being an 
astigmatism correcting function using the toric surface 
and a vision correcting function for correction other than 35 
astigmatism using the progressive refractive surface, 
and furthermore, having little jumping and warping. 

In the third process described above, it is possible 
to compose a progressive refractive surface having 
astigmatism correcting properties by adding the z coor- .40 
dinates composing the original progressive refractive 
surface having the vision correcting properties to the 
values of the z coordinates for composing the original 
toric surface having the astigmatism correcting proper- 
ties. Nevertheless, according to the results of examina- 45 
tion by the present inventors, in order to achieve an 
astigmatism correcting function (astigmatic aberration 
property) being equal to that of a conventional progres- 
sive multifocal lens for correction of astigmatism 
wherein the side of the object is the progressive refrac- so 
tive surface and the side of the eye is the toric surface, 
it is desirable that the progressive refractive surface be 
composed using a composite equation such as shown 
in the following Equation (5). 

That is, in the third process, by seeking the value at 55 
any point p (X, Y, Z) of the surface of the progressive 
multifocal lens on the side of the eye by the following 
Equation (5) using the approximate curvature Cp of the 
original progressive refractive surface, the curvature Cx 



of the original toric surface in the x direction, and the 
curvature Cy in the y direction, a progressive multifocal 
lens for correction of astigmatism can be provided hav- 
ing an astigmatism correcting capability and a vision 
correcting function equal to the conventional progres- 
sive multifocal lens and, furthermore, having a small dif- 
ference in magnification and improved jumping and 
warping. 

Z= (Cp + Cx)X 2 ^(Cp + Cy)Y 2 

1 + 7(1 -(Cp+Cx) *X 2 -(Cp+Cy) 2 Y 2 ) 

Here, while the eyeglass is being worn, when the 
axis passing through the center of the progressive 
refractive surface from the side of the object to the side 
of the eye is taken as the z axis, the axis orthogonal to 
the z axis oriented from bottom to top as the y axis, and 
the axis orthogonal to the z axis oriented from left to 
right as the x axis. X and Y indicate arbitrary points on 
the x and y coordinates, respectively, on the surface on 
the side of the eye, and Z indicates the z coordinate in 
the perpendicular direction of the surface on the side of 
the eye. Curvature Cp is the approximate curvature at 
any point p (X, Y Z) of the original progressive refractive 
surface, curvature Cx is the curvature in the x direction 
of the toric surface for correction of astigmatism, and 
curvature Cy is the curvature in the y direction. 

In the present example, the average curvature of 
the radial direction is used as the approximate curvature 
Cp, and the reciprocals of the circular radius passing 
through the three points in the xy plane perpendicular to 
the z axis (passing through the center of the lens or the 
internal vertex (0, 0, 0)), including any point p (X, Y, Z) 
on the original refractive surface, the point p* (-X, -Y, Z) 
rotationally symmetric with point p, and the internal ver- 
tex (0, 0, 0) are used. However, when the point p on the 
original progressive refractive surface is positioned at 
the internal vertex, the average curvature in the radial 
direction Cp is not defined, and Z = 0 in Equation (5). 

In the present invention, by using such a Composite 
Equation (5), it is possible to apply the properties of the 
original progressive refractive surface and the original 
toric surface. Consequently, a progressive multifocal 
lens for correction of vision on the side of the eye, and 
furthermore, a progressive multifocal lens comprising a 
progressive refractive surface on the side of the eye, 
having both vision correcting and astigmatism correct- 
ing properties, can be provided, and an eyeglass lens 
for a wide range of users covering a range from users 
not having astigmatism to users requiring correction of 
astigmatism can be realized. Therefore, it becomes 
possible to provide to the market eyeglass lenses hav- 
ing little jumping and warping using a series of progres- 
sive multifocal lenses for all users. 

By applying a 270° base prism on a progressive 
multifocal lens having a progressive refractive surface 
on the side of the eye, the progressive multifocal lens 
can be made lightweight. By setting the vertex power Ps 
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of the distance-vision region, the addition power Pa, and 
the refractive power (base curve) of the surface of the 
progressive multifocal lens on the side of the object 
such that they satisfy the following equation, a progres- 
sive multifocal lens of the present invention can be pro- 
vided, having a progressive refractive surface on the 
side of the eye as a meniscus applied to an eyeglass 
lens. 



Pb > Ps + Pa 
Brief Description of the Drawings 
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Fig. 1 is an explanatory drawing showing an over- 
view of a progressive multifocal lens of the 
present invention. 

Fig. 2 is a drawing showing the magnification of 
the distance-vision region, the magnification 
of the near-vision region, and the difference 
in magnification between . the distance- 
vision region and the near-vision region of a 
progressive multifocal lens of the present 
invention as an example, compared with a 
conventional progressive multifocal lens. 

Fig. 3 is a drawing showing the relationship 
between the difference in magnification 
between the distance-vision region and the 
near-vision region and the addition of a pro- 
gressive multifocal lens of the present 
invention as an example, compared with a 
conventional progressive multifocal lens. 

Fig. 4 is a drawing showing an overview of a pro- 
gressive multifocal lens pertaining to 
Embodiment 1 of the present invention. Fig. 
4(a) is a front view drawing, and Fig. 4(b) is 
a cross-section drawing following the main 
line of sight. 

Fig. 5 is a drawing showing the astigmatic aberra- 
tion of the progressive multifocal lens shown 
in Fig. 4. 

Fig. 6 is a drawing showing the z coordinates of 
the surface on the side of the eye of the pro- 
gressive multifocal lens shown in Fig. 4. 

Fig. 7 is a drawing showing the radius of curvature 
(reciprocal of curvature) of the surface on 
the side of the eye following the main line of 
sight of the progressive multifocal lens 
shown in Fig. 4. 

Fig. 8 is a drawing showing the radii of curvature 
of the surface on the side of the eye in the 
direction orthogonal to the main line of sight 
of the progressive multifocal lens shown in 
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Fig. 4. Fig. 8(a) is a drawing showing the 
radius of curvature of the" distance-vision 
region, and Fig. 8(b) is a drawing showing 
the radius of curvature of the near-vision 
region. 

Fig. 9 is a drawing showing the manner of apply- 
ing a 270° base prism to the progressive 
multifocal lens shown in Fig. 4. Fig. 9(a) is a 
cross-section of a progressive multifocal 
lens being an example not having the prism 
applied, and Fig. 9(b) is a cross-section of a 
progressive multifocal lens being ah exam- 
ple having the prism applied. 

Fig. 10 is a drawing showing an overview of a pro- 
gressive multifocal lens pertaining to 
Embodiment 2 of the present invention. Fig. 
10(a) is a front view drawing, and Fig. 10(b) 
is a cross-section drawing following the 
main line of sight. 

Fig. 11 is a drawing showing the astigmatic aberra- 
tion of the progressive multifocal lens shown 
in Fig. 10. 

Fig. 12 is; a drawing showing the z coordinates of 
the surface on the side of the eye of the pro- 
gressive multifocal lens shown in Fig. 10. 

Fig. 13 is a flow chart showing the manufacturing 
process of a progressive multifocal lens of 
the present invention having a vision cor- 
recting capability and an astigmatism cor- 
recting capability. 

Fig. 14 is a drawing showing the difference an mag- 
nification between the distance-vision 
region and the near-vision region of a pro- 
gressive multifocal lens of the present 
invention having a vision correcting capabil- 
ity and an astigmatism correcting capability 
as an example, compared with a conven- 
tional progressive multifocal lens. 

Fig. 15 is a drawing showing an overview of a lens 
having added the original progressive 
refractive surface and the original toric sur- 
face in Embodiment 2 of the present inven- 
tion. Fig. 15(a) is a front view drawing, and 
Fig. 15(b) is a cross-section drawing follow- 
ing the main line of sight. 

Fig. 16 is a drawing showing the astigmatic aberra- 
tion of the lens shown in Fig. 15. 

Fig. 17 is a drawing showing the z coordinates of 
the surface on the side of the eye of the lens 
shown in Fig. 15. 
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Fig. 18 is a graph showing the variation of astig- 
matic* aberration following the main line of 
sight of the progressive multifocal lens of 
Embodiment 2 of the present invention 
shown in Fig. 10, along with the same of the 
conventional progressive multifocal lens 
shown in Fig. 28 and the lens shown in Fig. 

i 15. 

Fig. 19 is a drawing showing the astigmatic aberra- 
tion of a progressive multifocal lens of 
another embodiment of the present inven- 
tion. 

Fig. 20 is a drawing showing the astigmatic aberra- 
tion of a conventional progressive multifocal 
lens corresponding to the progressive multi- 
focal lens shown in Fig. 19. 

n ** Fig. 21 is a drawing showing the astigmatic aberra- 
tion of a progressive multifocal lens formed 
without using the composite equation corre- 
sponding to Fig. 19. 

Fig. 22 is a drawing showing the astigmatic aberra- 
tion of a progressive multifocal lens of 
another embodiment of the present inven- 
tion. 

Fig. 23 is a drawing showing the astigmatic aberra- 
tion of a conventional progressive multifocal 
lens corresponding to the progressive multi- 
focal lens shown in Fig. 22. 

Fig. 24 is a drawing showing the astigmatic aberra- 
tion of a progressive multifocal lens formed 
without using the composite equation corre- 
sponding to Fig. 22. 

) Fig. 25 is a drawing showing an overview of a con- 
ventional progressive multifocal lens. Fig. 
25(a) is a front view drawing and Fig. 25(b) 
is a cross-section drawing following the 
main line of sight. 

Fig. 26 is a drawing showing the astigmatic aberra- 
tion of the progressive multifocal lens shown 
in Fig. 25. 

Fig. 27 is a drawing showing the z coordinates of 
the progressive refractive surface on the 
side of the object of the progressive multifo- 
cal lens shown in Fig. 25. 

Fig. 28 is a drawing showing an overview of a con- 
ventional progressive multifocal lens for cor- 
rection of astigmatism. Fig. 28(a) is a front 
view drawing, and Fig. 28(b) is a cross-sec- 
tion drawing following the main line of sight. 



Fig. 29 is a drawing showing the astigmatic aberra- 
tion of the progressive multifocal lens shown 
in Fig. 28. 

5 Fig. 30 is a drawing showing the z coordinates of 
the toric surface on the side of the eye of the 
progressive multifocal lens shown in Fig. 28. 
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Description of the Preferred Embodiments 

The present invention is explained in further detail 
below based on several progressive multifocal lenses 
designed based on the present invention. 



15 [Embodiment 1] 



Fig. 4 shows a progressive multifocal lens 10 of the 
present invention having a progressive refractive sur- 
face 5 on the surface 2 on the side of the eye. In the 
same manner as the conventional progressive multifo- 
cal lens shown in Fig. 25, the progressive multifocal lens 
10 of the present embodiment is provided with a dis- 
tance-vision region 1 1 on the upper side, being a vision 
section for seeing objects at far distances, and a vision 
section for seeing objects at close distances having a 
refractive power different from the distance-vision 
region 1 1 is provided on the lower side as a near-vision 
region 12. Furthermore, the distance-vision region 11 
and the near-vision region 12 are joined smoothly by a 
progressive region 13 wherein the refractive power var- 
ies continuously. 

The progressive multifocal lens 10 of the present 
embodiment has a non -spherical progressive refractive 
surface 5 on the surface 2 on the side of the eye to form 
the distance-vision region 1 1 , the near-vision region 12, 
and the progressive region 13. Therefore, the surface 3 
on the side of the object can be formed spherically 
whereby the base curve Pd becomes constant. Conse- 
quently, as explained using Equations (1)-(3) above, the 
difference in magnification between the distance-vision 
region 11 and the near-vision region 12 becomes 
smaller, and the rate by which the magnification 
changes in the progressive region 13 can be made 
smaller. Consequently, compared with a conventional 
progressive multifocal lens having a progressive refrac- 
tive surface on the side of the object, the jumping and 
distortion of images caused by the difference in magni- 
fication can be reduced to a great extent. 

Fig. 5 and Fig. 6 show the astigmatic aberration of 
a progressive multifocal lens 10 of the present invention 
having a progressive refractive surface on the surface 2 
on the side of the eye, and the z coordinates of the sur- 
face 2 on the side of the eye, that is, the progressive 
refractive surface 5. The progressive multifocal lens 10 
of the present embodiment is designed such that the 
same degree of astigmatic aberration can be obtained 
as with a conventional progressive multifocal lens hav- 
ing the progressive refractive surface on the surface 3 
on the side of the object. 
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The progressive multifocal lens 10 shown in Fig. 5 
and Fig. 6 has a spherical surface 3 on the side of the 
object, and the base curve Pb indicating its refractive 
power is a constant at 4.00D. Regarding the surface 2 
on the side of the eye, the average surface refractive 
power of the distance-vision region 1 1 is set to 6.00D, 
the average surface refractive power of the near-vision 
region 12 to 4.00D, the addition Pa to 2.00D. The spher- 
ical power S of the distance-vision region is -2.00D, the 
center thickness of the lens is 3.0mm, and the lens 
diameter d is 70.0mm. Under such conditions, a pro- 
gressive refractive surface 5 such as shown in Fig. 4 
can be provided to the surface 2 on the side of the. eye. 
As a result, a progressive multifocal lens 10 can be 
obtained, having an astigmatic aberration such as 
shown in Fig. 5. 

The astigmatic aberration of the progressive multi- 
focal lens 1 0 of the present embodiment shown in Fig. 5 
is substantially the same as the astigmatic aberration of 
the conventional progressive multifocal lens shown in 
Fig. 26. Regarding the astigmatic aberration, it is clear 
that a progressive multifocal lens 10 can be realized, 
having the identical performance as a conventional pro- 
gressive multifocal lens having the progressive refrac- 
tive surface provided on the surface 3 on the side of the 
object, even when the progressive refractive surface 5 is 
provided on the surface 2 on the side of the eye. 

Consequently, regarding the astigmatic aberration, 
the progressive multifocal lens 1 0 of the present embod- 
iment is a progressive multifocal lens having the identi- 
cal properties as conventionally, whereby a clear vision 
region is secured sufficiently, and having little distortion 
and jumping of images caused by variation of the astig- 
matic aberration. Furthermore, in the progressive multi- 
focal lens 10 of the present embodiment, when 
comparing the difference of magnification between the 
distance-vision region 1 1 and the near-vision region 12, 
the magnification of the distance-vision region is 0.976, 
the magnification of the near-vision region is 1.007, and 
their difference is 0.031 . 

As opposed to this, in the conventional lens 1 hav- 
ing the progressive refractive surface provided on the 
side of the object, the magnification of the distance- 
vision region is 0.976, the magnification of the near- 
vision region is 1.011, and their difference is 0.035. 
Consequently, it is clear that in the progressive multifo- 
cal lens 1 0 of the present embodiment, the difference of 
magnification between near and far can be improved as 
much as 12-13% over the conventional. 

By this difference in magnification being reduced in 
this manner, in the progressive multifocal lens 10 of the 
present embodiment, the jumping and distortion of 
images caused in a progressive multifocal lens by the 
difference in magnification can be improved further. 
Therefore, an eyeglass lens 9 that is clearer, whereby 
the jumping and distortion are improved greatly, can be 
provided by globe processing the progressive multifocal 
lens 10 of the present embodiment to match the eye- 
glass frame. 



The progressive refractive surface 5 of the present 
embodiment provided on the surface 2 on the 'side of 
the eye is explained further. Fig. 7 shows the variation of 
the radius of curvature of the progressive refractive sur- 
5 face 5 following the main line of sight 14. The z coordi- 
nates of this drawing have the direction of the viewed 
object set to negative, and the direction of the eye set to 
positive. In a progressive multifocal lens for an eyeglass, 
the value of the refractive power of the distance-vision 
w region 1 1 is smaller than the value of the refractive 
power of the near-vision region 12, that is, they are set 
such that it becomes negative when the value of the 
refractive power of the near-vision region is subtracted 
from the value of the refractive power of the distance- 
15 vision region 1 1 . Therefore, among the radii of curvature 
of the progressive refractive surface 5 following the 
main line of sight 14, if the radius of curvature forming 
the upper distance-vision region 1 1 is r1 , and the radius 
of curvature forming the near-vision region 12 is r2, the 
20 radius of curvature r1 of the progressive multifocal lens 
10 of the present embodiment is smaller than the radius 
of curvature r2. Consequently, if the respective radii of 
curvature r1 and r2 are represented by the reciprocal 
curvatures C1 and C2, the curvature C1 of the distance- 
PS vision region 1 1 and the curvature C2 of the near-vision 
region 12 must satisfy the following relationship. 

C1 > C2 (7) 

so As shown in Fig. 8(a), because the radius of curva- 
ture of the distance-vision region 1 1 in the direction 
orthogonal to the main line of sight 14 forms a progres- 
sive region 13 continuously with the near-vision region 
12 having a large radius of curvature, a region that 
35 becomes larger following movement away from the 
main line of sight 14 is provided. On the other hand, as 
shown in Fig. 8(b), because the radius of curvature of 
the near-vision region 12 in the direction orthogonal to 
the main line of sight 14 forms a progressive region 13 
to continuously with the distance-vision region 1 1 having a 
small radius of curvature, a region that becomes smaller 
following movement away from the main line of sight 14 
is provided. 

That is, in the direction 15 of the distance-vision 
45 region 1 1 orthogonal to the main line of sight 14, if r3 is 
the radius of curvature in the vicinity of the main line of 
sight 14, and r4 is the radius of curvature of the region 
remote from the main line of sight 14 namely in or 
beyond a range of 5-35mm, r3 becomes the same as.r4 
50 or less. If r3 and r4 are represented by their reciprocal 
curvatures C3 and C4, in the distance-vision region 1 1 , 
the curvature C4 of the region remote from the main line 
of sight 14 in relation to the curvature C3 in the vicinity 
of the main line of sight 14 satisfies the following rela- 
55 tionship. 

C3>C4 (8) 
Of course, it is possible to secure a wide clear- 
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vision region in the distance-vision region 1 1 by making 
the surface 2 on the side df the eye composing the dis- 
tance-vision region 1 1 as a spherical surface, as well as 
to concentrate the*progressive region 13 in the vicinity 
of the near-vision region 12. In this case, in the dis- 
tance-vision region 1 1 , the curvature C3 and the curva- 
ture C4 become equal. 

Meanwhile, in the direction 16 of the near-vision 
region 12 orthogonal to the main line of sight 14, if r5 is 
the curvature in the vicinity of the main line of sight 14, 
and r6 is the curvature of the region removed from the . 
main line of sight 14 by a range of 5-35mm, r5 becomes 
the same as r6 or more. Consequently, if r5 and r6 are 
represented by their reciprocal curvatures C5 and C6, in 
the near-vision region 12, the curvature C6 of the region 
removed from the main line of sight 14 in relation to the 
curvature C5 in the vicinity of the main line of sight 14 
satisfies the following relationship. 



C5 < C6 
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(9) 20 



In the near-vision region 12 as well, it is possible to 
secure a wide clear-vision region by making the surface 
2 on the side of the eye composing the near-vision 
region 12 as a spherical surface, as well as to concen- 25 
trate the progressive region 13 in the vicinity of the dis- 
tance-vision region 11. In this case, in the near-vision 
region 12, the curvature C5 and the curvature C6 
become equal. 

As for the variation of the radii of curvature of the 30 
above-mentioned Equations (8) and (9) oriented later- 
ally in relation to the main line of sight 1 4, the curvatures 
in the directions 15 and 1 6 orthogonal to the main line of 
sight 14 have been explained as examples. However, 
there is no strict limitation regarding direction in particu- 35 
lar, and it is acceptable as long as the average curva- 
tures satisfy the above-mentioned Equations (8) and (9) 
as they are distanced from the main line of sight 14. 

When the eyeglass lens 9 of the present embodi- 
ment is worn by the user, there is much eye movement 40 
along the main line of sight 14. Therefore, in a progres- 
sive multifocal lens 10 not requiring correction of astig- 
matism, it is desirable that the main line of sight 14 be 
composed by an aggregation of the umbilical points in 
order to prevent jumping and warping of the images. 45 
Consequently, the following relationships arise among 
the various curvatures C1, C2, C3, and C5 described 
above. 



D1 =(n- 1)xC1 
D2 = (n - 1) x C2 



(11) 



Here, n is the refractivity of the lens material com- 
posing the progressive multifocal lens 10 of the present 
embodiment. 

Because the progressive multifocal lens 10 of the 
present embodiment has the surface 3 on the side of 
the object formed as a spherical surface, the addition 
Pd can be represented by the difference between the 
average surface refractive power Dl of the distance- 
vision region 11 and the average surface refractive 
power D2 of the near-vision region 12. Furthermore, 
because the curvature C1 of the distance-vision region 
1 1 is greater than the curvature C2 of the near-vision 
region 12, as shown in Equation (7), in the surface 2 on 
the side of the eye, the average surface refractive power 
D1 of the distance-vision region 11 becomes greater 
than the average surface refractive power D2 of the 
near-vision region 12. 

As explained above based on Fig. 3, by using the 
progressive multifocal lens 10 of the present invention, 
the difference in magnification between the distance- 
vision region 11 and the near-vision region 12 can be 
reduced for a wide range of progressive multifocal 
lenses from a progressive multifocal lens having an 
addition of 3.5 diopters for users having substantially no 
power of accommodation to a progressive multifocal 
lens having an addition of 0.5 diopters when aging 
vision is not substantially advanced, and a comfortable 
visual field can be provided to the user by suppressing 
the jumping and warping of images. 

For example, even for a user having entirely no 
power of accommodation, if it is 3.50 diopters, a dis- 
tance from an infinite distance to approximately 30cm 
can be seen clearly. If this range of additions is shown 
using the average surface refractive powers D1 and D2 
of the distance-vision region 11 and the near-vision 
region 12, it becomes the following Equation (4) as 
explained above. 



0.5 ^ (D1 - D2) £ 3.5 



(4) 



C1 = C3 
C2 = C5 



At this time, the average surface refractive power 
D1 of the surface 2 of the distance-vision region 1 1 on 
the side of the eye following the main line of sight, and 
the average surface refractive power D2 of the surface 2 
of the near-vision region 12 on the side of the eye are 
represented by the following equations: 



When a toric surface is applied to the surface 2 on 
the side of the eye in order to perform correction of 
astigmatism, the main line of sight 14 does not become 
an aggregate of umbilical points, as shown in the next 
embodiment, and a substantially uniform astigmatic 
(10) so aberration is applied to the main line of sight 14 in order 
to correct the astigmatism. 

As disclosed in detail in JP-A-2-39768, when direc- 
tionality occurs in the refractive power for reasons such 
as making the eyeglass lens more lightweight and 
standardized, it is desirable that the astigmatic aberra- 
tion due to the difference in curvature be generated in a 
direction that cancels the astigmatic aberration due to 
the refractive power. Consequently, in such a case, it is 
desirable that differences be provided for the curvatures 
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C1 and C2 following the main line of sight 14 and the 
curvatures C3 and C5 of the directions orthogonal to 
these. 

In the progressive multifocal lens 10 of the present 
embodiment having a progressive refractive surface 5 5 
on the surface 2 on the side of the eye, moving toward 
the perimeter of the lens, the refractive power Pt follow- 
ing the main line of sight 14 becomes such that a 
degree is obtained generally being more positive than 
the refractive power Ps in the orthogonal direction. Con- 10 
sequently, in such a case, in order that the astigmatic 
aberration be canceled by the refractive powers Pt and 
Ps, as shown in the following Equation (12), it is desira- 
ble that the curvatures C1 and C2 following the main 
line of sight 14 be rather larger than the curvatures C3 is 
and C5 in the orthogonal directions. 

C1 > C3 (12) 

C2 > C5 20 

As shown in Fig. 9(a), because the progressive 
multifocal lens 10 of the present embodiment has the 
surface 2 on the side of the eye as the progressive 
refractive surface 5, the lens of the distance-vision 25 
region 1 1 becomes thicker than that of the near-vision 
region 12. Consequently, in order to make the progres- 
sive multifocal lens 10 thinner and lighter, it is desirable 
that a 270° base prism be applied not for the purpose of 
correction of vision. By this, an extremely thin progres- 30 
sive multifocal lens 10 can be realized as shown in Fig. , 
9(b). The direction of the prism base is represented as 
the counter-clockwise angle based on a horizontal line, 
seeing the direction in which a light beam introduced 
perpendicularly to the surface 2 of the lens on the side 35 
of the eye inclines due to the prism effect, from the sur- 
face 3 on the side of the object. For the amount of prism 
effect applied at this time, the optimal value for the user 
can be selected between 0.25-3.00 prism diopters. 

In the progressive multifocal lens 10 of the present 40 
embodiment, because the surface 3 on the side of the 
object being suitable for an eyeglass lens is convex, and 
the surface 2 on the side of the eye is concave, the inter- 
nal vertex power (vertex power) Ps of the distance- 
vision region 1 1 , the addition power Pa, and the refrac- 45 
tive power (base curve) Pb of the surface 2 the progres- 
sive multifocal lens on the side of the object must be set 
so as to satisfy the following Equation (6) described 
above. 

50 

Pb > Ps + Pa (6) 

By selecting the vertex power Ps, addition Pa, and 
base curve Pb so as to satisfy this Equation (6). it can 
be made as a meniscus-shaped progressive multifocal 55 
lens 10, and an eyeglass lens fitting the face can be pro- 
vided. 



[Embodiment 2] 

Fig. 10 shows a progressive multifocal lens 10 hav- 
ing the properties of a progressive refractive* surface 
and a toric surface provided on the surface of the 
present invention on the side of the eye. In the following, 
in order to be distinguished from the progressive refrac- 
tive surface of the present embodiment having both 
functions of vision correcting properties and astigma- 
tism correcting properties formed on the surface 2 on 
the side of the eye, the progressive refractive surface 
established only for the purpose that the surface on the 
side of the eye demonstrate the desired vision correct- 
ing properties is called the original progressive refrac- 
tive surface, and the toric surface established only for 
the purpose that the surface on the side of the eye dem- 
onstrate the intended astigmatism correcting properties 
is called the original toric surface 

The progressive multifocal lens 10 of the present 
embodiment is designed and manufactured by a proce- 
dure shown using the flow chart in Fig. 13. First, in step 
ST1, the original progressive refractive surface is 
sought by parameters meeting the conditions of the 
user such as the extent of aging vision and the method 
of using eyeglasses, and that result is recorded as coor- 
dinates or curvatures, or the like. Before and after this, 
in step ST2, the original toric surface for correcting the 
user's astigmatism is sought, and that result is recorded 
as curvatures. Of course, it may be recorded also as 
coordinates. 

In step ST3, all the coordinates of the surface on 
the side of the eye having the vision correcting and 
astigmatism correcting properties are sought using the 
results of step ST1 and ST2. In the present embodi- 
ment, in step ST3, the values Z of the z coordinates of 
the surface 2 on the side of the eye are sought using the 
following Composite Equation (5) as described above. 

Z = (Cp+Cx)X 2 +(Cp+Cy)Y 2 

1 +7(1 -(Cp+Cx) 2 X 2 -(Cp+Cy) 2 Y 2 ) 

By using this Composite Equation (5), a progres- 
sive multifocal lens can be provided, having a function 
that performs correction of astigmatism for correction of 
vision, just as with the conventional progressive multifo- 
cal lens shown in Fig. 28. 

Fig. 11 shows a drawing of the astigmatic aberra- 
tion of the progressive multifocal lens 10 of the present 
invention, corresponding to the conventional progres- 
sive multifocal lens shown in Fig. 29, having progressive 
refractive surface on the surface 3 on. the side of the 
object, and a toric surface on the surface 2 on the side 
of the eye. 

Fig. 12 shows the values of the z coordinates of the 
progressive multifocal lens 10 of the present embodi- 
ment. By composing the original progressive refractive 
surface 5 shown in Fig. 6 and the original toric surface 6 
shown in Fig. 30 using the above Equation (5), a surface 
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2 on the side of the eye can be composed, having the 
values Z of the z Coordinates such as shown in Fig. 12. 

The progressive multifocal lens 10 of the present 
invention is formed using this surface 2 on the side of 
the eye and a spherical surface 3 on the side of the s 
object, and a progressive multifocal lens for correction 
of astigmatism such as shown in Fig. 11 can be 
obtained, having substantially identical astigmatic aber- 
ration as that of Fig. 29. Consequently, according to the 
present invention, a progressive multifocal lens 10 can io 
be obtained, having the equivalent vision correcting 
power and astigmatism correcting power as the conven- 
tional progressive multifocal lens having the progressive 
refractive surface on the surface 3 on the side of the 
object and the toric surface on the surface 2 on the side is 
of the eye. 

Thus, in the present embodiment, the curvature of a 
toric surface for correction of astigmatism can be 
applied to the surface on the side of the eye in addition 
^ to the curvature of a progressive refractive surface for 20 
' correction of vision, and it can be made such that the 
surface on the side of the eye has an astigmatism cor- 
recting property, that is, a cylinder power. Consequently, 
because a progressive refractive surface having vision 
correcting power and astigmatism correcting power can 25 
be prepared on the side of the eye. in addition to the 
vision correcting power and the astigmatism correcting 
power, the difference in magnification between the dis- 
tance-vision region 11 and the near-vision region 12 
can be made less, and a progressive multifocal lens 10 30 
can be provided, whereby the jumping and warping of 
images is improved. 

As shown in Fig. 14, when the difference in magni- 
fication between near and far of the progressive multifo- 
cal lens 1 0 of the present embodiment is compared with 35 
a conventional lens, it can be improved by 12-13% in 
either the 90° direction or the 180° direction, and 
according to the present invention, it is clear that jump- 
ing and warping can be reduced even in a progressive 
) multifocal lens for correction of astigmatism. Conse- 40 
quently, by globe processing the progressive multifocal 
lens 10 of the present embodiment according to the 
eyeglass frame, it becomes possible to provide an eye- 
glass lens 9 capable of correcting vision and astigma- 
tism, and having extremely little jumping and warping of 45 
images. Therefore, according to the eyeglass lens 9 of 
the present invention, a comfortable visual field can be 
provided even for users having astigmatism. 

For the progressive multifocal lenses 10 in Fig. 1 1 
and Fig. 12, the base curve Pb indicating the refractive so 
power of the surface 3 on the side of the object is a con- 
stant 4.00D. For the surface 2 on the side of the eye, the 
same as with Embodiment 1, the average surface 
refractive power of the distance-vision region 1 1 is set to 
6.00D, the average surface refractive power of the near- 55 
vision region 12 is set to 4.00D, and the addition Pa is 
set to 2.00D. In addition to this, a toric surface is com- 
posed, having an astigmatic axis of 90°, a spherical 
power S of -2.00D, and a cylinder power C of -2.00D. 
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The center thickness t of the lens is 3.0mm, and the lens 
diameter d is 70.0mm. 

Fig. 15 shows a lens 19 having a progressive 
refractive surface having formed a surface 2 on the side 
of the eye by adding the values of the z coordinates of 
the original toric surface shown in Fig. 30 to the values 
of the z coordinates of the original progressive refractive 
surface shown in Fig. 6 instead of using Composite 
Equation (5) mentioned above. 

Fig. 16 shows a drawing of the astigmatic aberra- 
tion of the lens 19, and Fig. 17 shows the z coordinates 
of the surface 2 of the lens 19 on the side of the eye. A 
progressive refractive surface can be formed, having 
vision correcting properties and astigmatism correcting 
properties by adding the values of the z coordinates of 
the original toric surface to the values of the z coordi- 
nates of the original progressive refractive surface. Nev- 
ertheless, as is clear from Fig. 16, when Composite 
Equation (5) described above is not used, it is clear that 
it is difficult to achieve an astigmatic aberration equiva- 
lent to that of the conventional progressive multifocal 
lens shown in Fig. 29, and it is difficult to achieve vision 
correcting and astigmatism correcting powers exactly 
equal to those of the conventional progressive multifocal 
lens for correction of astigmatism. 

This condition appears also in the variation of the 
astigmatic aberration following the main line of sight 14 
of the various progressive multifocal lenses shown in 
Fig. 18. In Fig. 18. the broken line with black balls 31 
show the absolute values of the astigmatic aberration 
following the main line of sight 14 of the conventional 
progressive multifocal lens 1 for correction of astigma- 
tism shown in Fig. 29, and the solid line with black balls 
32 shows the absolute values of the astigmatic aberra- 
tion following the main line of sight 14 of the progressive 
multifocal lens 10 for correction of astigmatism formed 
using Composite Equation (5). 

As is clear from this drawing, in the progressive 
multifocal lens 10 of the present embodiment having 
composed the surface 2 on the side of the eye using 
Composite Equation (5), a 2D astigmatic aberration that 
does not harm the vision correcting power intended for 
correction of astigmatism can be secured with extreme 
stability substantially across the entire region of the 
main line of sight in the same manner as the conven- 
tional progressive multifocal lens 1 . 

As opposed to this, in the progressive refractive 
surface of the lens 19 of Fig. 16, simply having added 
the coordinates of the original toric surface to the coor- 
dinates of the original progressive refractive surface, it is 
granted that a 2D astigmatic aberration intended for cor- 
rection of astigmatism can be achieved following the 
main line of sight, as shown by the broken line with 
black squares in Fig. 18. However, it becomes difficult to 
secure a stable astigmatic aberration compared with the 
lens 10 having used Composite Equation (5). 

In particular, the astigmatic aberration in the perim- 
eter area of the lens 19 is great, and it is difficult to 
secure an astigmatic aberration for correction of astig- 
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matism. Because the variation of the astigmatic aberra- 
tion is comparatively large, compared with the 
progressive multifocal lens 10 manufactured using 
Composite Equation (5), the images easily jump and 
warp when the eye moves following the main line of 5 
sight. Thus, it is clear that a progressive multifocal lens 
can be provided, having secured a visual field being one 
step more comfortable and having little jumping, by 
composing the original progressive refractive surface 
and the original toric surface using Composite Equation 10 
(5). 

In the above examples are shown cases when a 
prescription having established the spherical power of 
the toric surface was applied in the vertical direction 
(90° axis) of the lens (that is, when a prescription having 15 
established the cylinder power of the toric surface was 
applied in the left-right direction of the lens), but it is 
obvious that the present invention is not limited to this. 
That is. the directions of the x and y axes are not limited 
to the directions described above, rather it can be estab- 20 
lished in a suitable direction, and the prescriptions 
described above can be performed with those coordi- 
nates. 

For example, even when a prescription having 
established the spherical power of the toric surface is 25 
applied in the left-right direction of the lens, it is possible 
to provide a method of composition using Equation (5) 
of the present embodiment by only applying an opera- 
tion rotating the directions of the x axis and the y axis, 
respectively, of the xy coordinates 90° to the left in rela- 30 
tion to the examples described above, in combination 
with Equation (5). Furthermore, even when a prescrip- 
tion having established the spherical power of the toric 
surface is applied in any direction (including diagonal 
directions) of the lens, it is possible to provide a method 35 
of composition using Equation (5) of the present 
embodiment by only applying an operation rotating by a 
degrees (a is any angle of 0-360°) the x axis and the y 
axis, respectively, of the xy coordinates. 

In such cases, it is described above that determina- 40 
tion of the progressive refractive surface not having the 
astigmatism correcting power (the original progressive 
refractive surface), as shown in Embodiment 1, is per- 
formed first. During the computation of Equation (5) 
thereafter, it is necessary to use the same coordinate 45 
systems as the coordinate system representing the 
original progressive refractive surface and the coordi- 
nate system representing the toric surface. 

Consequently, in the determination of the original 
progressive refractive surface not having the astigma- so 
tism correcting power, it is desirable from the point that 
the computation enabling representation of the original 
progressive refractive surface not having the astigma- 
tism correcting power is simplified by using a coordinate 
r system matching the representation of the toric surface. 55 
that is, the coordinate system having tweaked the direc- 
tion setting the spherical refractivity of the toric surface 
to be rotated a° to the left in relation to the above exam- 
ples. 



[Other Embodiments] 

* • 

In Fig. 19 to Fig. 24, there are shown examples hav- 
ing formed the progressive multifocal lens 1 0 fof correc- 
tion of astigmatism using Composite Equation (5) of the 
present invention under other conditions. Fig. 19 shows 
the astigmatic aberration of a progressive multifocal 
lens 10 formed such that the original progressive refrac- 
tive surface 5 and .the original toric surface 6 are com- 
posed by Composite Equation (5) into a condition 
nearest to the spherical surface. The progressive multi- 
focal lens 10 of this embodiment is designed such that 
the spherical power S is 0.00D, the cylinder power C is 
-0.25D, the astigmatic axis is 45°, and the addition Pa is 
0.50D, and it shows the astigmatic aberration of the 
conventional progressive multifocal lens 1 designed 
under the same conditions as in Fig. 20. As is clear by 
comparing Fig. 19 and Fig. 20, by using Composite 
Equation 5, a progressive multifocal lens 10 can be 
obtained having an astigmatic aberration substantially 
equal to that of the conventional progressive multifocal 
lens 1 and regarding the powers of vision correction and 
astigmatism correction, a progressive multifocal lens 
can be obtained having capabilities equal to those of the 
conventional. 

Furthermore, because the progressive multifocal 
lens 10 of the present embodiment provides to the sur- 
face 2 on the side of the eye a curvature demonstrating 
the functions of a progressive refractive surface 5 and a 
toric surface 6, the surface 3 on the side of the object 
can be made such that the base curve is a constant 
spherical surface. Consequently, the difference in mag- 
nification between the distance-vision region and the 
near-vision region can be made smaller in the same 
manner as with the embodiments described above. 
Because the variation in magnification of the progres- 
sive region can be made smaller, a comfortable visual 
field having little jumping and warping of images can be 
provided to the user. 

In this example as well, the astigmatic aberration of 
a lens 19 formed by simply having added the z coordi- 
nates of the original progressive refractive surface and 
the coordinates of the original toric surface on the sur- 
face 2 on the side of the eye is shown in Fig. 21. When 
the condition of astigmatic aberration shown in this 
drawing is compared with the conditions of astigmatic 
aberration of Fig. 19 and Fig. 20, it is clear in the astig- 
matic aberration that a lens can be provided having the 
same capabilities as those of the conventional progres- 
sive multifocal lens 1. Consequently, because the jump- 
ing and warping of images can be reduced using the 
present invention, a progressive multifocal lens can be 
provided, being one level more comfortable when worn 
as an eyeglass lens compared with the conventional 
progressive multifocal lens. 

Fig. 22 shows the astigmatic aberration of a pro- 
gressive multifocal lens 10 of the present invention 
formed such that the original progressive refractive sur- 
face 5 and the original toric surface 6 are composed by 
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Composite Equation (5) into a condition most deviating 
from the spherical surface, and it is an example of a pro- 
gressive multifocal lens of the present invention wherein 
the variation of thez coordinates of the composite sur- 
face 2 on the side of the eye is made greatest. 

The progressive multifocal lens 10 of this embodi- 
ment is designed such that the spherical power S is 
0.00D, the cylinder power C is -6.00, the astigmatic axis 
is 45°, and the addition Pa is 3.50D, and it shows the 
astigmatic aberration of the conventional 6 progressive 
multifocal lens 1 designed under the same conditions as 
in Fig. 23. As is clear by comparing Fig. 22 and Fig. 23, 
by using Composite Equation (5) a progressive multifo- 
cal lens 10 can be obtained having an astigmatic aber- 
ration substantially equal to that of the conventional 
progressive multifocal lens 1 . 

Thus, Composite Equation (5) of the present inven- 
tion is effective in composing all ranges of surfaces 
where the progressive refractive surface 5 has an addi- 
tion Pa of 0.5-3.5D, and the toric surface 6 has a cylin- 
der power C of 0.25-6.00D. Consequently, by using 
Composite Equation (5) of the present invention, a pro- 
gressive multifocal lens can be provided having the pro- 
gressive refractive surface on the surface 2 on the side 
of the eye, whereby the jumping and warping of images 
is improved greatly. 

In this example as well, the astigmatic aberration of 
a lens 19 formed by simply having added the z coordi- 
nates of the original progressive refractive surface and 
the coordinates of the original toric surface on the sur- 
face 2 on the side of the eye is shown in Fig. 24. As is 
clear from this drawing, by using Composite Equation 
(5) in the present embodiment as well, an internal pro- 
gressive multifocal lens can be provided, having a more 
improved astigmatic aberration compared with a lens 
having added the z coordinates of the original progres- 
sive refractive surface and the original toric surface. 

As explained above, in the progressive multifocal 
lens of the present invention, by placing the progressive 
refractive surface on the surface on the side of the eye, 
it becomes possible to depart from the designs in which 
the surface on the side of the object must be non-spher- 
ical, and the surface on the side of the object can be 
formed such that the base curve is a constant spherical 
surface. Consequently, because the variation of the 
magnification MS due to the shape factor Ms caused on 
the surface on the side of the object can be precluded, 
it becomes possible to reduce the difference in magnifi- 
cation of the distance-vision region and the near-vision 
region. 

Therefore, in the midst of a situation in which 
design technology for progressive refractive surfaces 
has advanced recently, and the jumping and warping of 
images have been suppressed to a limit by improving 
the astigmatic aberration appearing on the progressive 
multifocal lens, according to the present invention, a 
progressive multifocal lens can be provided, being able 
to improve further the jumping and warping of images 
caused by the difference in magnification between the 



distance-vision region and the near-vision region. Par- 
ticularly in a progressive multifocal lens having a high 
addition of the difference of refractive power of the dis- 
tance-vision region and the near-vision region, by using 
5 the progressive multifocal lens of the present invention, 
the jumping and warping of images can be improved 
greatly. 

Consequently, according to the present invention, it 
becomes possible to provide a comfortable visual field 
w for the user of a progressive multifocal lens having a 
high addition that aggravates the jumping and warping 
of images. 

In the present invention, a composite equation is 
provided that can demonstrate a specified performance 

15 by composing the progressive refractive surface and the 
toric surface for correction of astigmatism on the surface 
on the side of the eye. By using this composite equation, 
the jumping and warping of images can be improved, 
even in a progressive multifocal lens for correction of 

20 astigmatism, by providing the progressive refractive sur- 
face on the side of the eye. Consequently, it is possible 
to replace entirely a series of progressive multifocal 
lenses sold on the market having the progressive refrac- 
tive surface on the side of the object with a series that 

25 have the progressive refractive surface on the side of 
the eye. and a more comfortable and clearer visual field 
can be provided for ail users. 

Furthermore, in the progressive multifocal lens of 
the present invention, because the progressive refrac- 

30 tive surface and the toric surface can be established on 
the surface on the side of the eye, the surface on the 
side of the object can be used freely for any purpose. As 
described above, it becomes possible to provide an eye- 
glass lens being rich in fashion, in addition to preventing 

35 the jumping and warping of images, by making the con- 
vex surface on the side of the object a fashionable 
spherical surface having a constant base curve. It is 
possible to make the convex surface on the side of the 
object a rotationially symmetric non-spherical surface in 

40 order to improve the astigmatic aberration of the overall 
lens. 

In JP-A-2-289818, the fact is disclosed that by 
using as the convex surface on the side of the object a 
non-spherical convex surface substantially having the 
45 curvature increased at least in the direction of the 
perimeter from the axis of symmetry in the vicinity of at 
least the axis of rotational symmetry, the edge thickness 
of the lens can be made thinner and the astigmatic 
aberration can be improved. It is possible to use such a 
so convex surface of a rotation axial ly symmetric non- 
spherical surface for the convex surface of the progres- 
sive multifocal lens of the present invention. 

Furthermore, not limited to a spherical surface or a 
rotation axially symmetric non-spherical surface, a non- 
55 spherical surface for further improving the optical per- 
formance such as astigmatic aberration of a lens, being 
a fashionable non-spherical surface meeting the user's 
individuality can be provided on the convex surface on 
the side of the object. In this manner, according to the 
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present invention, it is possible also to provide a non- 
spherical surface for the purpose of giving fashion to the 
optical performance on the convex surface as a pro- 
gressive multifocal lens. Consequently, by processing 
the progressive multifocal lens of the present invention 
into an eyeglass lens, it is possible to provide^ an eye- 
glass lens having added fashionable individuality to the 
optical performance as a progressive multifocal lens. 
Furthermore, the uses of the surface of the eyeglass 
lens on the side of the object can be broadened vari- 
ously. 

The preferred embodiments described in the 
present specification are only exemplary, and it is obvi- 
ous that they are not limitations. The scope of the 
present invention is indicated by the attached Claims, 
and all the modified examples included in the spirit and 
scope of the present invention are included in the scope 
of the Claims. 

Possible Industrial Application 

The present invention relates to a progressive 
multifocal lens used as an eyeglass lens. According to 
the present invention, a progressive multifocal lens can 
be realized, having little difference of magnification of 
the distance-vision region and the near-vision region, in 
addition to the function of correcting aging vision and 
the function of correcting astigmatism, being equivalent 
to those of a conventional progressive multifocal lens, 
and being able to provide a clearer and more comforta- 
ble visual field for the user, having the jumping and 
warping of images reduced greatly. 

Claims 

1 . A progressive multifocal lens for correction of vision 
comprising a distance-vision region and a near- 
vision region having different refractive power, and 
a progressive region wherein the refractive power 
between these varies gradually, characterized in 
that 

the curvature of the progressive refractive 
surface composing said distance- vision region, 
near- vision region, and progressive region is 
applied to the surface of the progressive multifocal 
lens on the side of the eye. 

2. The progressive multifocal lens as defined in claim 
1 , characterized in that the surface of said progres- 
sive multifocal lens on the side of the object is a 
spherical-surface. 

3. The progressive multifocal lens as defined in claim 
1 . characterized in that the surface of said progres- 
sive multifocal lens on the side of the object is a 
rotation axially symmetric non-spherical surface. 

4. The progressive multifocal lens as defined in claim 
1 , characterized in that the surface of said progres- 



sive multifocal lens on the side of the object is a 
rotationally symmetric surface, a main line of sight 
is provided extending from said distance-vision 
region toward said near-vision region, and the fol- 

5 lowing relationship exists between the average sur- 

face refractive power D1 of said surface on the side 
of the eye in the vicinity of said main line of sight in 
said distance-vision region and the average surface 
refractive power D2 of said surface on the side of 

w the eye in the vicinity of said main line of sight in 
said near-vision region. 

0.5 < (D1 - D2) < 3.5 (A) 

15 5. The progressive multifocal lens as defined in claim 
1, characterized in that a main line of sight is pro- 
vided extending from said distance-vision region 
toward said near-vision region, and the curvature of 
the progressive refractive surface following this 

20 main line of sight in said near-vision region is 
smaller than that in said distance-vision region. 

6. The progressive multifocal lens as defined in claim 
1, characterized in that a main line of sight is pro- 

25 vided extending from said distance-vision region 
toward said near-vision region, and the curvature of 
said progressive refractive surface for composing 
said distance-vision region becomes smaller in at 
least one region as it departs from said main line of 

30 sight. 

7. The progressive multifocal lens as defined in claim 
1, characterized in that a main line of sight is pro- 
vided extending from said distance-vision region 

35 toward said near-vision region, and the curvature of 
said progressive refractive surface for composing 
said near-vision region becomes greater in at least 
one region as it departs from said main line of sight. 

40 8. The progressive multifocal lens as defined in claim 
1, characterized in that a main line of sight is pro- 
vided extending from said distance-vision region 
toward said near- vision region, and the curvature of 
said progressive refractive surface on said main line 
45 of sight is equal in two orthogonal directions in at 
least one region. 

9. The progressive multifocal lens as defined in claim 
1, characterized in that said surface on the side of 

so the eye has astigmatism correcting properties. 

10. The progressive multifocal lens as defined in claim 
1, characterized in that the curvature of a toric sur- 
face for correction of astigmatism is applied to said 

55 surface on the side of the eye. 

11. The progressive multifocal lens as defined in claim 
1 , characterized in that said surface on the side of 
the eye has cylinder power. 
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12. The progressive multifocal lens as defined in claim 
1, characterised in that said surface on the side of 
the eye is a surface composed by an original pro- 
gressive refractive surface established only for the 
purpose of demonstrating the desired vision cor- 
recting properties of this surface on the side of the 
eye, and an original toric surface established only 
for the purpose of demonstrating the desired astig- 
matism correcting properties. 

13. The progressive multifocal lens as defined in claim 
12, characterized in that the value of Z in any point 
P (X, Y, Z) of said surface on the side of the eye is 
represented by the following equation using the 
approximate curvature Cp of said original progres- 
sive refractive surface, the curvature Cx of said 
original toric surface in the x direction, and the cur- 
vature Cy in the y direction, 



16. 



z _ (Cp+Cx)X 2 +(Cp+Cy)Y 2 
1 +7(1 -(Cp+Cx) 2 x 2 -(Cp+Cy) 2 Y 2 ) 



(B) 



where the values X, Y, and Z indicating the 
position of said point P represent the x, y, and z 
coordinates. 

14. The progressive multifocal lens as defined in claim 
1 , characterized in that a 270° base prism is applied. 



15. 



The progressive multifocal lens as defined in claim 
1, characterized in that the following relationship, 
represented in diopter units, exists among the ver- 
tex power Ps of said distance-vision region, the 
addition power Pa being the difference between the 
vertex power Ps of said distance-vision region and 
the vertex power of said near-vision region, and the 
refractive power of the surface of said progressive 
multifocal lens on the side of the object: 



Pb > Ps + Pa 



(C) 



An eyeglass lens, having the progressive multifocal 
lens as defined in claim 1 globe processed to fit the 
shape of an eyeglass frame. 



17. An eyeglass lens, having the progressive multifocal 
lens as defined in claim 9 globe processed to fit the 
shape of an eyeglass frame. 

18. An eyeglass lens, having the progressive multifocal 
lens as defined in claim 1 3 globe processed to fit 
the shape of an eyeglass frame. 
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ized in that the manufacturing method comprises 

a first process that seeks an original progres- 
sive refractive surface only for the purpose that 
the surface on said side of the eye demonstrate 
the desired vision correcting properties, 
a second process that seeks an original toric 
surface only for the purpose that the surface on 
said side of the eye demonstrate the intended 
astigmatism correcting properties, 
and a third process that seeks a surface of said 
progressive multifocal lens on said side of eye 
from said original progressive refractive sur- 
face and said original toric surface. 

The manufacturing method for a progressive multi- 
focal lens as defined in claim 19, characterized in 
that, by said third process, the value of Z in any 
point P (X, Y, Z) of the surface on the side of the eye 
of said progressive multifocal lens is sought by the 
following equation using the approximate curvature 
Cp of said original progressive refractive surface, 
the curvature Cx of said original toric surface in the 
x direction, and the curvature Cy in the y direction. 



(Cp+Cx)X 2 +(Cp+Cy)Y 2 
1 + V(1 -(Cp+Cx) 2 X 2 -(Cp+Cy) 2 Y 2 ) 



(B) 



where the values X, Y, and Z indicating the 
position of said point P represent the x, y, and z 
coordinates. 

21. The manufacturing method for a progressive multi- 
focal lens as def ined in claim 19, characterized in 
that the surface on the side of the eye of said pro- 
gressive multifocal lens is a spherical surface. * 

22. The manufacturing method for a progressive multi- 
focal lens as defined in claim 19, characterized in 
that the surface on the side of the object of said pro- 
gressive multifocal lens is a rotation axially symmet- 
ric non-spherical surface having at least either the 
purpose of making the edge thickness of said pro- 
gressive multifocal lens thinner, or the purpose of 
improving the astigmatic aberration of said progres- 
sive multifocal lens. 



19. A manufacturing method for a progressive multifo- 
cal lens comprising a distance-vision region and a 
near-vision region having different refractive power, 
and a progressive region wherein the refractive 
power between these varies gradually, character- 
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